ABSTRACT: Background: Newborn weight loss (NWL) in the first 3 days of life is around 6 percent of birthweight (BW). We aim to describe the determinants of an excessive and insufficient NWL in the first 96 hours of life. Methods: A sample of 1,288 full-term singletons without congenital abnormality belonging to Generation XXI birth cohort was selected. Newborns were recruited in 2005-2006 at all public units providing obstetrical and neonatal care in Porto, Portugal. Information was collected by face-to-face interview and additionally abstracted from clinical records. Anthropometrics were obtained by trained examiners and newborn weight change (NWC) was estimated as (weight-BW)/BW 9 100. We categorized NWL as excessive (below 10th percentile of the sample distribution of NWC: ≤À9.4% of BW), normal (between 10th and 90th percentiles: À9.3 to À4.2%) and insufficient (above 90th percentile: ≥ À4.1%). Adjusted odds ratios (OR) and 95 percent confidence intervals (CI) were calculated using multinomial regression models. Results: Excessive NWL was positively associated with maternal age ≥40 years (OR = 3.32, 95%CI 1.19-9.25), maternal education (OR = 1.04, 95% CI 1.00-1.09), cesarean delivery (OR = 2.42, 95% CI 1.12-5.23), and phototherapy-treated jaundice (OR = 1.69, 95% CI 1.00-2.87). Insufficient NWL was positively associated with low BW (OR = 2.68, 95% CI 1.13-6.33), and formula/mixed feeding (OR = 1.74, 95% CI 1.13-2.66). Conclusion: Excessive NWL was positively associated with maternal age and education, cesarean delivery, and phototherapy-treated jaundice. Insufficient NWL reflected child's feeding. As breastfed newborns did not lose weight excessively, but newborns with formula/mixed feeding had insufficient NWL, our study supports that breastfeeding provides excellent nutrition during this period. (BIRTH 41:2 June 2014) 
later in life (12) , as newborns must adapt their energy intake and expenditure to external conditions, programing appetite, and energy metabolism.
Despite the significant risks related to extreme NWCs, little information is available on its determinants. Martens et al showed that higher BW, female gender, epidural use, and longer hospital stay increased NWL, and greater gestational age and exclusive formula feeding decreased it (13) . Regnault et al demonstrated that higher BW, gestational diabetes, and cesarean delivery increased NWL, and higher gestational age decreased it (14) . Dewey et al concluded that excessive NWL was associated with primiparity, long duration of labor, use of labor medications, infant status at birth, and delayed onset of lactation (15) . To the best of our knowledge, to date, no study examined the determinants of both of the extreme categories of NWC.
We aimed to describe the determinants of excessive and insufficient NWL in the first 96 hours of life.
Methods
This study involves 1,948 newborns recruited between November 2005 and August 2006 as part of Generation XXI birth cohort (16) . Participants were selected at the five public hospitals providing obstetrical and neonatal care in the metropolitan area of Porto, Portugal, and all maternity units corresponded to level III, with differentiated perinatal support.
Information was collected during a face-to-face interview, conducted 24-72 hours after delivery, by trained interviewers using a structured questionnaire. Mothers were asked about their own BW, and if they did not know, were asked to indicate a category (<2,500 g, 2,500-4,000 g, >4,000 g), then the two BW variables were combined into the aforementioned categories. Mothers were classified as "primipara" if the index delivery was the first and otherwise as "multipara." Smoking habits and alcoholic beverage intake were considered throughout pregnancy, and during the third trimester.
Prepregnancy body mass index (BMI) was calculated based on the height and weight before pregnancy ½BMI ¼ wightðkgÞ heightðmÞ2
. Height was measured without shoes, to the nearest 0.1 cm. When measurement was not possible, height was reported by the mother. Prepregnancy usual weight was obtained through recall to the nearest 0.1 kg, and if the mother did not know, we considered the reported weight at first medical visit if it occurred during the first trimester. BMI was categorized as underweight (<18.5 kg/m 2 ), normal (18.5-24.9 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ), or obese (≥30 kg/m 2 ) (17). Weight gain was calculated based on the difference between reported weight at the end of the pregnancy and weight before pregnancy. Data on pregnancy, gestational age, delivery characteristics, date of birth, weight, length, and head circumference at birth, need of resuscitation, Apgar scores, admission to neonatal intensive care unit (NICU), and jaundice were abstracted from medical records. Gestational age was considered as calculated by ultrasound and, only if missing, calculated using the date of last menstrual period. BW was classified in three categories: low (<2,500 g), normal (2,500-4,000 g), and high (>4,000 g). The Apgar score was classified as <7 and ≥7 (18) . A newborn exclusively fed with breastmilk was considered to be in the breastfed category; otherwise, the newborn was considered to be in the formula/ mixed feeding group.
During the hospital stay, trained interviewers performed one weight measurement (to the nearest 1 g) for each newborn, and registered the date and time of measurement.
Of the 1,948 newborns, we excluded twins (n = 39), preterms (gestational age <37 weeks; n = 85), and newborns with congenital anomaly (n = 18). Of the remaining 1,806 newborns, 465 had missing information on the time of measurement and six had incongruent values. We excluded 28 newborns measured after 96 hours of life and 19 outliers (1st/3rd quartile AE 3 times the interquartile range). The final sample comprised 1,288 newborns. Differences between participants (n = 1,288) and eligible nonparticipants (n = 518), with respect to all maternal, pregnancy, delivery, and newborn characteristics, were tested and the main characteristics, are presented in Table 1 . Only differences with respect to parity and type of delivery were observed, but the magnitude of those differences was not considered clinically relevant (19) .
The study protocol was approved by the Ethics Committee of Hospital de S. João and by the National Commission for Data Protection. Written informed consent was obtained from all participants at recruitment.
Statistical Analysis
Longitudinal models were tested to ascertain the best approach to calculate NWC. First, we used the observed values in the formula: NWCð%Þ ¼ weight-BW BW Â 100.
However, weight depends on time of measurement, that is, the newborn's age when the measurement was taken. Consequently, we tested mixed-effect models adjusted for the time of measurement in hours (t), in which we combined fixed coefficients up to the third degree and with the introduction of random effects on the intercept and slope. We compared four models: linear (weight (t)B b 0 + b 1 9 t + b 0i , quadratic (weight (t)~b 0 + b 1 9 t + b 2 9 t 2 + b 0i ), and cubic (weight (t)~b 0 + b 1 9 t + b 2 9 t 2 + b 3 9 t 3 + b 0i ) with only a random intercept and the same cubic model, but with random intercept and slope (weight (t)~b 0 + b 1 9 t + b 2 9 t 2 + b 3 9 t 3 + b 0i + b 1i 9 t). The chosen model was the latter, because it had the lowest Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC). To calculate t (nadir), we used ðweightðtÞÞ0 ¼ 0ð¼Þt ¼
After establishing the adjusted NWC, to define the extreme categories of NWC, we used three different approaches in sensitivity analyses: the ≥10 percent loss of BW and no weight loss, the 5th (≤À10.3%) and 95th (≥ À3.1%) percentiles of NWC, and the 10th (≤À9.4%) and 90th (≥À4.1%) percentiles, respectively, and chose the last one. Proportions were compared using the chi-square or Fisher exact tests as appropriate. Means and standard deviations (SD) were calculated and compared using ANOVA. Odds ratio (OR) and its 95 percent confidence interval (CI) were computed using multinomial logistic regression models, adjusted for all relevant variables, where the outcome variable was the adjusted NWC in three categories (excessive, normal, and insufficient NWL).
Analyses were performed using SPSS (version 18.0, SPSS Inc., Chicago, Illinois, USA) and R computer (version 2.14.1, R Foundation for Statistical Computing, Vienna, Austria).
Results
The measurement time varied from 6. Table 2 . Significant differences were observed in mother's age at delivery, type of birth, child's feeding, ICU admission, and NWC. Given these differences, we estimated NWC independently of measurement time: weight(t)~3241.442 + (À9.378) 9 52.3 + 0.119 9 52.32 + 0.000 9 52.33 + b 0i b 1i 9 52.3. Mean NWL was 6.7 percent (SD 2.32), the maximum loss was 18.2 percent, and the maximum gain was 5.3 percent of BW. Excessive NWL occurred in 130 (10.1%) newborns, normal NWL in 1,029 (79.9%), and insufficient NWL in 129 (10.0%).
The potential NWC determinants studied were: maternal characteristics (birthweight, education, marital status, family income, age at delivery, parity, smoking habits, prepregnancy BMI, and intake of vitamins and minerals supplements before pregnancy), pregnancy characteristics (smoking, alcohol drinking, coffee intake during pregnancy and during the 3rd trimester, gestational diabetes, and weight gain), delivery characteristics (type and use of anesthesia) newborn characteristics (gestational age, gender, weight, length and head circumference at birth, need of resuscitation, Apgar score at 1st minute, phototherapy-treated jaundice, and feeding in maternity). In the crude analysis, excessive NWL was positively associated with maternal age (OR = 3.06, 95% CI 1.24-7.56, ≥40 vs 18-29 years old) and education (OR = 1.05, 95% CI 1.01-1.10, for each year increase), cesarean delivery (OR = 1.50, 95% CI 1.02-2.19), and phototherapy-treated jaundice (OR = 1.65, 95% CI 1.00-2.71), and negatively associated with length at birth (OR = 0.91, 95% CI 0.84-1.00). Insufficient NWL was positively associated with low BW (OR = 2.32, 95% CI 1.08-4.99, vs normal BW) and formula/mixed feeding (OR = 1.63, 95% CI 1.11-2.39, vs breastfeeding). All of the other potential determinants were not associated with NWC. Table 3 presents the adjusted associations between NWC and potential determinants. Potential interactions were tested and one was observed between type of delivery and gestational age; thus, in the final model the interaction term was added (model 2). In addition, a stratified analysis was performed by time of measurement and by type of delivery, and the associations remained the same. We also performed the analysis excluding the newborns admitted to NICU, and the significance and direction of the associations remained the same. In the final model, excessive NWL was positively associated with maternal education (OR = 1.04, 95% CI 1.00-1.09, for each year increase) and age ≥40 (OR = 3.32, 95% CI 1.19-9.25 vs 18-29 years old), with being born by cesarean delivery (OR = 2.42, 95% CI 1.12-5.23 vs vaginal delivery), and with being treated for jaundice with phototherapy (OR = 1.69, 95% CI 1.00-2.87). Insufficient NWL was positively associated with maternal age between 30 and 34 (OR = 0.60, 95% CI 0.36-0.99 vs 18-29 years old), low BW (OR = 2.68, 95% CI 1.13-6.33 vs normal BW), and formula/mixed feeding (OR = 1.74, 95% CI 1.13-2.66 vs breastfeeding).
Discussion
In term newborns, a physiological NWL is expected, mainly representing redistribution of fluids, as a consequence of cardiopulmonary adaptation (20, 21) . However, in some newborns, it may also involve fat loss ascribable to the catabolic state, as in the case of small for gestational age, or ascribable to the delayed initiation of breastfeeding. Nevertheless, there are still conflicting data regarding the nature of NWL and alterations in body composition in the first week of life (1, 20, 22) . A systematic review, including 11 studies performed in healthy term newborns, established a mean NWL ranging from 5.7 to 6.6 percent of BW and the nadir of NWL in these studies was achieved around the second/third days after birth (1). This is in accordance with our results, as a mean NWL of 6.7 percent of BW, achieved at 52.3 hours of life, was observed. In our sample, 6.1 percent of the newborns lost more than 10 percent of BW (data not shown). This proportion was relatively lower than in other studies: in an Italian study, it was 7.7 percent among term breastfed newborns and, in a Californian report, 12 percent among single-term newborns (15, 23) . In the latter, 5 percent of the newborns gained weight between birth and day 3, very different from our proportion of 0.6 percent. Differences between populations were expected, as they can be attributed to many aspects such as BW, maternal age, or prevalence of breastfeeding, but also differences in the study design and in the estimation of NWL. This is the first study of this kind performed in Portugal, and it appears to demonstrate a higher proportion of newborns in the normal range of NWC than the aforementioned studies. BW seems to be an extremely important determinant of NWC in the immediate neonatal period, being positively associated with NWL in two previous studies (13, 14) , that is, the lighter the child is at birth, the lower the NWL. Our results were in agreement with these, as children born with <2,500 g were 2.68 times more likely to be classified as insufficient NWL. The estimate precision is low, because few children were born with <2,500 g (n = 49), but even so, the association was strong. This result may reflect some catch-up growth, a phenomenon of accelerated growth when compared with the normal rate for age, after a period of growth-inhibiting conditions, and frequent in children that experience low BW (24) .
Another important determinant of NWC is newborn feeding method (13, 25) . Martens et al demonstrate a NWL of 5.5 percent in exclusively and partially breastfed newborns, and 2.4 percent in formula-fed newborns (13) . Macdonal et al showed that breastfed newborns have a median NWL of 6.6 percent, whereas those who are formula-fed have a median of 3.5 percent (25) . In our study, newborns fed with formula/mixed feeding were 1.74 times more likely to have insufficient NWL than breastfed newborns and, although not statistically significant, less likely of having excessive NWL (OR = 0.72, 95% CI 0.47-1.11). These associations could be underestimated because of reverse causation, as often, when newborns start to lose weight excessively, one of the first approaches is to feed or to complement breastfeeding with formula. As a result of very different composition between colostrum and formula, this association was already expected, as the energy content in formula milk is higher when compared with colostrum (26) . This study shows that, on one hand, breastfed newborns did not lose weight excessively, which means that breastmilk is sufficient to support the newborn's growth in the first 96 hours of life. Conversely, newborns fed with formula or mixed feeding were more likely to have insufficient NWL, which may represent an overfeeding. So, our study supports that breastmilk provides excellent nutrition during the first 96 hours of life, despite the concerns of mothers and pediatricians about colostrum. We also performed sensitivity analysis to test the effect of water intake. In our sample, only 17 (1.4%) newborns had drunk water during the hospital stay. Of those who drank water, 17.6 percent had excessive NWL and 11.8 percent had insufficient NWL, whereas of those who did not drink water, 9.7 percent had excessive NWL and 9.9 percent had insufficient NWL, but these differences were not statistically significant. When we adjusted for water intake, the significance and the direction of the associations remained the same (data not shown).
The determinants of excessive NWL were higher maternal age and education, cesarean delivery, and phototherapy-treated jaundice. A mother aged ≥40 years was 3.32 times more likely to have a newborn with excessive NWL than a mother aged 18-29 years. It seems in agreement with the Regnault et al study, which demonstrated that for each 10 years of increase in mother's age, an increase in 0.46 percent of NWL in their children is observed (14) . A child born by cesarean delivery was 2.42 times more likely to have excessive NWL, which is also in agreement with a previous study (14) , whereas in another study (13) , no association was observed with respect to the type of delivery. After birth, the newborn experiences a pulmonary adaptation that consists of replacing the fluid present in the lungs with air. This pulmonary adaptation is more difficult among children born by cesarean delivery, and this fact could explain that children born by cesarean delivery were more likely to have excessive NWL. The mechanism that allows the clearing of amniotic fluid from the fetal lungs remains partially unclear, but Starling forces and the pressure that newborns face during delivery are involved (27) .
A newborn with phototherapy-treated jaundice was more likely to have excessive NWL. One can hypothesize that newborns with hyperbilirubinemia could have an aggregation of other health problems that could lead to an excessive NWL. An alternative explanation could be that these newborns are kept away from the mother for longer periods of time because of the phototherapy and this may have implications on feeding schedule. However, as NWC and phototherapy-treated jaundice were simultaneously evaluated, we cannot exclude the reverse causation, as some studies indicate that increased NWL as a result of inadequate fluid or caloric intake could lead to neonatal hyperbilirubinemia (28) .
The odds of having a newborn with excessive NWL were higher among primiparous than multiparous mothers, although no statistically significant difference is observed. This finding is in accordance with Dewey et al (15) and Regnault et al (14) , who reported that breastfed newborns from multiparous women had 0.81 percent less NWL than breastfed newborns from primiparous women. This association may be explained by greater difficulties in initiating feeding in primiparous women, because of lack of experience, and difficulties in detecting the newborn's demand for food or understanding of best positioning for breastfeeding (15, 29, 30) .
Strengths and Limitations
Birthweight was recorded as standard procedure of the clinical setting and all weight measurements were performed prospectively, which preclude recall bias.
As we only considered one weight measurement for each child, and not measurements taken at regular periods, for instance every 5 hours, it is possible that we did not precisely detect the nadir. Nevertheless, the fact that a systematic review (1) found a mean NWL and a nadir similar to ours supports this methodology. Most of the previous studies measured their participants at a specific time point, equal for everyone, for instance, the third day of life. Because of a large variability in the time point when each newborn achieves the nadir (1), we believe that having newborns measured at different time points and then adjusting the weight for the newborn's age in hours is a new and appropriate approach.
To the best of our knowledge this is the first study aiming to evaluate the determinants of both excessive and insufficient NWL, in the immediate neonatal period. Some authors studied the determinants of the percentage of NWL (13, 14) , as a continuous variable, not specifying a risk category. Furthermore, some of the variables had never been studied in relation to the NWC, such as mother's BW, alcoholic beverages and coffee intake, need of resuscitation, jaundice, or Apgar scores. Given the pathologies associated with these two categories of extreme NWC (6-12,31,32), we think this study is a useful contribution to perinatal health.
Conclusion
Excessive NWL was mainly related to maternal and delivery characteristics, being positively associated with maternal education and age, cesarean delivery, and phototherapy-treated jaundice. Conversely, insufficient NWL seems to largely reflect the newborn characteristics, being positively associated with low BW and formula or mixed feeding. As breastfed newborns did not lose weight excessively, but newborns fed with formula or mixed feeding were more likely to have insufficient NWL, our study supports the finding that breastmilk provides excellent nutrition during the first 96 hours of life.
